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[571 ABSTRACT 
The presence of microorganisms in a sample is deter- 
mined by culturing microorganisms in a growth me- 
dium which is in contact with a measuring electrode 
and a reference electrode and detecting a change in 
potential between the electrodes caused by the pres- 
ence of the microorganisms in the medium with a high 
impedance potentiometer. 

15 Claims, 10 Drawing Figures 
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CD 

DETECTING THE PRESENCE OF 
MICROORGANISMS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of applica- 
tion Ser. No. 543,860, filed Jan. 24, 1975 and now 
abandoned. 

BACKGROUND OF THE INVENTION 
I .  Field of the Invention 
The present invention relates to a method for detect- 

ing microorganisms which may be present in or on any 
source desired to be tested for the presence of microor- 
ganisms. More particularly, the present invention re- 
lates to a method of detecting the presence of microor- 
ganisms by depositing a source of microorganisms in a 
cell containing two electrodes, one of which is pro- 
tected from exposure to the microorganisms and a 
nutrient medium and detecting the change in potential 
between the measuring electrode exposed to the grow- 
ing microorganism and the reference electrode. 

2. Description of the Prior Art 
Presently, several methods are known for the detec- 

tion of microorganisms which may be present in vari- 
ous sources which include aqueous media such as 
blood, plasma, fermentation media and the like. The 
methods are generally divided into two classes of detec- 
tion in which the first is a screening test to determine 
whether or not large numbers of microorganisms are 
present in a sample. If a positive test is obtained by the 
first step, a second level of testing is employed to deter- 
mine the type and amount of organism present. Most 
commonly, methods which establish both the identity 
and amount of microorganism are based upon a se- 
quence of steps of culturing, growth and observation of 
the microorganism. Growth rates are observed in the 
culture which are derived from multiple dilutions of the 
same sample. By observing the time at which the di- 
luted samples reach observable populations, the con- 
centration of microorganisms in the original samples 
can be estimated. 

The estimation of microorganism populations is most 
generally accomplished by one of three techniques. 
The first technique is a nutrient agar plating technique 
in which a microorganism is allowed to grow on an agar 
nutrient substrate and the growth of the microorganism 
is initially observed visually and thereafter by micro- 
scopic observation. This is the most common method in 
use clinically. 

The second'type of technique includes several meth- 
ods which can be classified as chemical methods. One 
method of analysis involves supplying a microorganism 
in a growth medium with carbon-I4 labeled glucose. 
The microorganism metabolizes the radioactive glu- 
cose and evolves C'Q, which is sampled and counted. 
While positive results can be obtained by this method 
in a relatively short period of time, the method is en- 
cumbered by various operational complexities, is ex- 
pensive and is hazardous from the standpoint of the 
necessity of handling radioactive samples. Another 
analytical method of determining the type and amount 
of bacteria present in a sample is based upon the che- 
miluminescent reaction between luciferase and lucif- 
erin in the presence of ATP. Bacteria are grown on a 
culture and then the cells are lyzed to free the ATP 
present therein. The liberated ATP reacts wi@ the 
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luciferase-luciferin combination whereby chemilumi- 
nescent light is emitted which is detected by a photo- 
multiplier and used to determine the amount of the 
organism present. The principal disadvantage of this 
technique is the expense of the materials involved in 
the reaction. Still another chemical method involves a 
measurement based upon the metabolic conversion of 
nitrite ion to nitrate ion. This method, however, is only 
applicable to some bacteria and yeasts. 

The third type of technique used for the detection of 
microorganisms involve non-chemical methods. One 
method involves the evaluation of relatively clear mi- 
croorganism suspensions by modified particle counters. 
However, the method is non-specific and does not pro- 
vide a distinction between viable microorganisms and 
dead ones, or even non-biologic particulate matter. A 
second method involves the detection of microorgan- 
isms by impressing an alternating current across a pair 
of electrodes which have been placed in a microorgan- 
ism containing medium and observing the change in 
impedance of the current as a function of the growth of 
the microorganism. This technique however, is appar- 
ently not as amenable to automation as has been ex- 
pected for the device and method. 

A bio-chemical sensor is known as disclosed by Rohr- 
back et al. U.S. Pat. No. 3,403,081, which is used to 
detect trace elements and poisons in liquid and gaseous 
media. The sensor is constructed by placing a measur- 
ing electrode such as an inert wire gauge cylinder of 
nickel, platinum, stainless steel or the like upon which 
is impregnated a colony of a microorganism or an en- 
zyme and a reference electrode such as the standard 
Calomel electrode in an electrolyte. The leads from 
each electrode are attached to a voltmeter. The organ- 
ism or enzyme impregnated or in close proximity to the 
measuring electrode generates a current within the cell 
by causing chemical reactions at the surface of the 
electrode or by promoting chemical reactions to pro- 
duce materials which in turn provide depolarization 
reactions at the electrode. The device functions by 
admitting a trace element or a poison into the device 
which deactivates the enzyme or kills or deactivates the 
microorganism thus causing a change in the potential 
difference between the electrodes which is detected by 
a change in the voltmeter readings. Considering the 
fact that the enzyme or microorganism promotes or 
causes a considerable chemical reaction at the measur- 
ing electrode which is detected by a standard voltmeter 
in the circuitry of the cell, the current generated within 
the cell must be substantial. The electroanalytical de- 
vice of the present invention which is used to determine 
the type and amount of a microorganism in a solution, 
on the other hand, does not require the impregnation of 
a sizable colony of a microorganism on the measuring 
electrode but rather operates by detecting a microor- 
ganism in solution which gradually concentrates about 
the measuring electrode. A further critical distinction 
between the method and apparatus of the present in- 
vention and the method of the reference is that the 
circuitry of the present system must contain a high 
impedance potentiometer and not the conventional 
voltmeter used in the reference's process, because the 
present system is dependent upon the measurement of 
an electrostatic-like potential difference between the 
measuring electrode and the microorganism in solu- 
tion. If a standard voltmeter were used in the circuitry 
of the present invention, far too much current would be 
drawn by the voltmeter which would destroy the rela- 
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tively delicate electrostatic-like potential difference FIG. 5 is an embodiment of the device of the present 
between the measuring electrode and the microorgan- invention which in part is a needle suitable for the 
ism concentrated about the electrode’s surface. sampling of body fluids; 

Consequently, a need continues to exist for a method FIG. 6 is a strip chart recording of potential versus 
of rapidly, automatically and economically determining 5 time for the culturing of E.coli.; 
types and amounts of various microorganism by a con- FIG. 7 is a strip chart recording of a series of cultures 
ceptually simple and economic technique. of E.coli wherein the bacterial concentration of the 

initial inocula in each sample was vaned; 
FIG. 8 shows a comparison plot of potential versus SUMMARY OF THE INVENTION 

Accordinelv, one obiect of the present invention is to 10 time for hydrogen producing organism (Exoli) and a 
provide a method which is amenable to the rapid and 
automatic detection of the amount and type of viable 
microorganism present in a fluid medium such as blood 
samples, polluted water and fermentation liquids by 
electroanalytical means. 

Another object of the invention is to provide an elec- 
troanalytical means for determining the type and 
amount of microorganism in a fluid medium such as 
blood samples, plasma samples, polluted water and the 
like by potentiometrically measuring the potential 
change generated in a cell containing a measuring and 
a reference electrode through the difference in poten- 
tial between the two electrodes. 

Yet another object of the invention is to provide 
several types of electroanalytical cells equipped with a 
measuring electrode and a reference electrode and a 
nutrient for the growth of microorganisms which are 
capable of easily and economically allowing the mea- 
surement of the voltage change generated at the mea- 
surement electrode by the difference in potential be- 
tween the measuring electrode and the reference elec- 
trode caused by the presence of the microorganism in 
the fluid medium. 

Yet another object of the present invention is to 
provide high impedence voltage measuring device so 
that the above mentioned potential change can be mea- 
sured or recorded without the passage of current. 

Briefly, these objects and other objects of the present 
invention as hereinafter will become more readily ap- 
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parent can be attained by a method for determining &e 40 
presence of microorganisms in a sample by culturing 
microorganisms in a growth medium which is in 
contact with a reference electrode and a measuring 
electrode and detecting the change in potential be- 
tween the electrodes wherein the potential change is 45 
caused by the presence of the microorganisms in the 
medium. 

BRIEF DESCRIPTION OF THE DRAWINGS 
A more complete appreciation of the invention and 

many of the attendant advantages thereof will be 
readily attained as the same becomes better understood 
by reference to the following detailed description when 
considered in connection with the accompanying draw- 
ings, wherein: 

FIG. 1 shows a potential response curve for the 
growth of Pseudomonas versus time in 10 ml of Trypti- 
case Soy Broth medium; 

FIG. 2 is an embodiment of one form of the electro- 
analytical cell of the present invention; 

FIG. 3 i s  another embodiment of the electroanalyti- 
cal cell of the present invention wherein the cell has 
been adapted to function in part as a syringe; 

FIG. 4 is an embodiment of the device of the present 
invention wherein the chamber of the device is 
equipped with means for drawing a microorganism 
containing fluid sample into the device under force of 
vacuum; 
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non-hydrogen prodking organism (alkalescens); 

FIG. 9 is a correlation diagram of potential and radio- 
activity at the measuring electrode as a function of cell 
concentration for radioactive alkalescens in tSB media; 
and 

FIG. 10 shows two plots of potential versus time 
obtained from a platinum wire-calomel electrode sys- 
tem and a nickel-nickel electrode system in the same 
TSB culture medium of alkalescens; the nickel elec- 
trodes are positioned as in FIG. 2. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The discovery upon which the method and apparatus 
of the present invention is based is that the presence of 
certain population levels of a given microorganism in a 
fluid medium confined in a cell containing a measuring 
electrode and a reference electrode generates potential 
change within the cell because of a difference in elec- 
trostatic charge between a live organism and the mea- 
suring electrode. The potential is measured by a high 
impedance potentiometer which is fastened through 
conductive leads to the electrodes of the cell. It has 
been found that all microorganisms exhibit a relatively 
negative electrostatic charge in solution versus the 
electrode which is used as the measuring electrode 
which consequently renders all microorganisms amena- 
ble to detection by the method of the present invention. 
It is believed that the growing microorganisms gradu- 
ally migrate to the exposed surface of the measuring 
electrode which is somewhat positive relative to the 
microorganisms. In order that a potential difference 
exist between the measuring and reference electrodes, 
it is essential that the reference electrode either only 
contact the growth medium and not the microorgan- 
isms or not be sensitive to the microorganisms’s charge 
and that the microorganisms concentrate themselves 
about the measuring electrode. For example, when a 
metal wire or the like is used as the reference electrode, 
the electrode is normally shielded from the microor- 
ganisms by a fluid permeable but organism imperme- 
able substance. When a device such as the calomel 
electrode is used as the reference electrode, it is nor- 
mally protected by the glass envelope from the micro- 
organisms. The accumulation of microorganisms about 
the measuring electrode alters the potential of the mea- 
suring electrode relative to the reference electrode and 
consequently, a change in potential is set up between 
the electrodes because of the charge-charge interac- 
tions at the measuring electrode. The voltage change 
generated by this electrostatic interaction is the means 
by which the presence of microorganisms in solution 
can be detected. 

The cell structure which confines the growing micro- 
xganisms and to which the electrodes are attached can 
be manufactured from any convenient materials nor- 
mally used in the manufacture of electroanalytical cells 
jut as glass, plastic and the like. Any material which is L 
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suitable for such use and which does not interfere with 
the growth or viability of the microorganisms and does 
not affect the voltage generated within the cell can be 
used. 

The electroanalytical cell is provided with a culture 
medium for the growth of the microorganisms placed 
within the cell. Any culture medium which is com- 
monly used for the growth of microorganisms can be 
used, and therefore, the type of culture medium used is 
not critical. Suitable growth media include brain-heart 
infusion, trypticase soy broth (TSB), phenol red broth 
base + 1% glucose, trypticase soy broth + CO,, milk, 
beer, sodium glycolate and the like. The amount of 
growth medium provided within the measuring cell, of 
course, is not critical. 

The measuring and reference electrodes attached to 
the cell can be made of the same conductive material 
or they can be of different materials. Usually, the mea- 
suring electrode is fabricated of any suitable electrode 
material in any convenient form and is attached to the 
cell so that a portion thereof is in contact with the 
liquid medium within the cell. Suitable materials from 
which the measuring electrode can be fabricated in- 
clude the noble metals such as silver, platinum, palla- 
dium, gold, and the like; tungsten, molybdenum, nickel 
and the like, and various metal alloys such as stainless 
steel, nickel-chromium, silver-palladium. The form of 
the electrode is not critical and can be of any suitable 
shape such as a wire, ribbon, coil or the like. 

The reference electrode can be fabricated of any of 
the suitable electrode materials used for the measuring 
electrode. Thus, conceivably the reference electrode 
can be of the same material as the measuring electrode, 
which is a most unusual electrode configuration for 
galvanic cells. Normally, the electrodes employed in 
galvanic cells are fabricated of different materials in 
order to have an operable cell. The reference electrode 
is also attached to the cell by any convenient means in 
a manner such that a portion (such as one end of a wire 
or ribbon) of the electrode is in contact with the liquid 
medium in the cell. The portion of the reference elec- 
trode in contact with the medium must, however, be 
shielded from contact with the microorganisms in the 
medium. This especially is true when the measuring 
and reference electrode are the same exact material. 
Any means by which the reference electrode can be 
shielded from the growing microorganisms but at the 
same time allows contact with the liquid medium can 
be used. Thus, for example. the exposed portion of the 
electrode can be embedded within a gel such as an agar 
gel, gelatin, dextran gel, carrageenan gels, acrylimide 
and the like. Membranes such as relatively large pore 
ultrafiltration membranes or even large pore mem- 
branes, frit, ceramic or porous film of plastic are all 
suitable if they are impermeable to the microorgan- 
isms. If the reference electrode and the measuring elec- 
trode are fabricated of the same material such as two 
stainless steel electrodes which is a preferred embodi- 
ment of the invention, two platinum electrodes or the 
like, the potential change generated at the sensing elec- 
trode cell is relatively free of thermocouple effects. 
That is. if the electrodes are the same, no voltage will 

6 
mocouple effect which can arise with certain electrode 
combinations is not critically restrictive and one oper- 
ating according to the present method need only be 
aware of this factor. 

5 The reference electrode besides being of the type 
described above, can also be a standard reference elec- 

8 trode such as one of the standard calomel electrodes or 
the mercury-mercurous sulfate electrode, the Ag/AgCl 
electrode, or the quinhydrone electrode. If one of these 

10 standard types of reference electrodes is used, the por- 
tion of the electrode within the liquid medium in the 
cell need not be shielded from the microorganisms, 
because either the construction of these electrodes in a 
glass envelope normally eliminates contact of the inter- 

15 ior working portions of the electrode with the microor- 
ganisms in solution or they have a potential which is not 
effected by microorganisms. 

In order to measure the voltage generated within the 
electroanalytical cell containing the growing microor- 

20 ganism, it is necessary to connect both electrodes of the 
cell to a high impedance potentiometer. The type of 
potentiometer used is not critical with the only require- 
ment being that it be of the high impedance type. The 
potentiometer must have an input impedance over the 

25 range of 1 O7 ohms to 1 010 ohms, preferably greater than 
IO8 ohms. If a relatively low impedance potentiometer 
were used, too much current would be drawn through 
the measuring device thus upsetting the charge-charge 
interaction between the measuring electrode and the 

30 microorganisms. With the destruction of the electro- 
static potential at the electrode, no potential readings 
can be obtained. Of course, other apparatus accesso- 
ries such as an amplifier and a recording device can 
also be added to the instrumentation package. 

In the performance of a measurement according to 
the procedure of the present invention, a sample of a 
microorganism is introduced into the growth medium 
within the cell. In one embodiment, a fluid sample of a 
microorganism can be injected into the cell through a 

40 self sealing cap which seals the cell to the atmosphere 
or is drawn into the cell under force of vacuum. Micro- 
organisms can also be introduced into the cell in the 
form of a gaseous sample with the stipulation that the 
microorganisms are introduced into the growth me- 

45 dium of the cell. Growth of the microorganism occurs 
and once the population level reaches a minimum limit 
normally of about 5 X IO4 to 5 X IOs organisms, the 
microorganism can be detected by the voltage gener- 
ated. The voltage as measured in millivolt readings 

SO always changes in a negative direction. This is because 
the charge on the microorganisms is more negative 
than that on the measurement electrode. For some slow 
growing microorganisms such as the bacillus of tuber- 
culosis, however, the lower detectable limit can be as 

55 low as 1 X 103 organisms. In instances where the 
method of the invention is used to detect slow growing 
microorganisms, the cell can be agitated by shaking, for 
instance, or by any other suitable means. Agitation of 
the microorganisms containing solution facilitated 

60 growth of the microorganisms in some cases and may 
thus reduce the delay time for the detection of the 
microorganism. However, since the present invention 

3s 

be generated which is attributable to thermocouple requiresa net accumulation of organisms at the mea- 
effects. If the electrodes are fabricated of unlike metals suring electrode in order to have the necessary electri- 
or metal alloys, then the thermocouple effect can exist 65 cal charge-charge interactions, too vigorous stirring 
and the potential readings obtained should compensate may sweep the microorganisms away and eliminate the 
for that portion of voltage attributable to the thermo- potential change. The temperature range over which 
couple effect. Thus, it can be appreciated that the ther- the microorganisms are grown and eventually detected 
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span the range of 15’ to 60” C, preferably 32”-37” C. well as establishes the basis for the electromotive series 
Pressure is not a critical factor in the measurements of metals. 
since growth and detection of the microorganisms can In a more specific aspect of the measurement of 
occur under partial vacuum conditions as well as under hydrogen producing bacteria a calomel eiectrode is 
super-atmospheric pressures. Thus, for instance, the 5 used as the reference electrode in combination with a 
method of the present invention is amenable to the metal measuring electrode. The calomel electrode has 
detection of microorganisms which grow under pres- a potential of about W.23 volts with respect to NHE 
sure as in the manufacturing of beer. and since the growth medium has a pH of about neutral 

The method of the present invention can be used to or 7, the measuring hydrogen electrode has a potential 
successfully detect any type of microorganism which I O  of about -0.42 volts with respect to NHE. Thus, the 
can be cultured in the nutrient medium provided within measuring electrode for hydrogen producing bacteria 
the clectroanalytical cell or added to the cell in a suit- has a potential of about -0.65 volts; Le., (-0.42) - 
able concentration. Also it is not absolutely necessary (H.23)  = -0.65 in a negative direction relative to 
for the microorganisms to be growing or metabolizing calomel. Because, in reality a pressure of one atmo- 
provided they remain alive. This is because it is their 15  sphere of hydrogen is never achieved at the measuring 
viability that gives them their negative charge, which electrode because of atmospheric dilution effects due 
they loose at death. Thus, the method is applicable to to CO,, nitrogen and the like, a leveling-off potential of 
the detection of yeasts, fungi and bacteria. Specific approximately -0,4 to -0.5 volts versus calomel is 
examples of bacteria which can be detected by the achieved in the measurements obtained for hydrogen 
method of the present invention include the non-hydro- 20 producing bacteria. 
gen producing bacteria, Staphylococcus aureus, Staphy- In the measurement of both hydrogen and non- 
lococcus epidermidis, Streptococcus, Listeria monocyto- hydrogen producing microorganisms, a lag time is ini- 
genes, Pseudomonas, aeruginosa, Moraxella, Shigella tially observed from the time the analytical cell is inoc- 
alkalescens, Diplococcus pneumoniae, Bacillus subtilus, ulated with the microorganism until the time the micro- 
and Hemophilus influenzae. Suitable examples of yeasts 25 organism reaches sufficient population levels to be 
which can be detected include Candida species such as detected. Thereafter, the potential continues to in- 
Candida albicans and Candida rugosa, Hansenula spe- crease in a negative direction until a peak potential is 
cies such as Hansenula anomala, Pichia species such as attained where the potential levels off. Thereafter, with 
Pichia membranaefaciens, Torulopsis species and Sac- advancing time the potential drifts back to more posi- 
charomyces cerevisiae. Suitable examples of fungi in- 30 tive potentials. For non-hydrogen producing microor- 
clude the various species of Aspergillus such as Asper- ganisms, the total change in millivolt readings ranges 
gillus auricularis, A. barbae, A .  bouffardi, A .  calvatus, A .  from about 200-300 millivolts. In the case of hydrogen 
concentricus, A. flavus, A .  fumigatus, A .  giganteus, A .  producing organisms, the initial negative increases in 
glaucus, A .  gliocladiurn, A .  mucoroides, A .  nidufans, A. potential are attributable to the presence of the organ- 
niger, A. ochraceus, A .  pictor, and A. repens and the 35 ism only. Thereafter, as the effects of the hydrogen 
species of the large group of fungi known as Fungi build-up at the electrode become significant, the poten- 
Impeifecti. tial sharply increases to significantly more negative 

A number of bacteria form a class of bacteria which potentials than are obtained for non-hydrogen produc- 
are known for their ability to release hydrogen during ing microorganisms. The negative increase in potential 
their growth. These bacteria include Escherichia coli, 40 attributable to the presence of hydrogen at the measur- 
Enterobacter aerogenes, Serratia marcescens, Proteus ing electrode amounts to about 500 millivolts. 
mirabilis, Citrobacter intermedium, Citrobacter freundii, The potential readings obtained for each measure- 
Salmonella and Klebsiella. Since these bacteria migrate ment represent the sum of the change in potential 
toward the measuring electrode as all microorganisms caused by the presence of the microorganism in solu- 
do, their release of hydrogen tends to concentrate 45 tion and the potential changes attributable to other 
about the measuring electrode. The presence of hydro- solution and system factors which cause minor changes 
gen at the measuring electrode very substantially am- in the potential. These factors are characteristic of the 
plifies the characteristics of the electrode such that it particular liquid medium present in the cell as well as 
becomes similar to the well known hydrogen electrode. the electrodes used and should be ascertained by a 
Thus, in effect a completely different type of measuring 50 potenital reading of the medium free of the presence of 
electrode exists for the measurement of hydrogen pro- detectable amounts of particular microorganism to be 
ducing organisms than for non-hydrogen producing tested. By achieving a measure of this background 
organisms. The principle behind the operation of the potential, one therefore can readily determine that the 
hydrogen electrode is that the following equilibrium total potential change is caused by the presence of the 
exists at the surface of the metal electrode, usually 55 microorganism. An interesting embodiment of fhe pre- 
platinum or gold : H, $2H+ + 2e. It is clear from this sent invention is that it affords a method of detecting a 
expression that an equilibrium exists between molecu- mixture of microorganisms in a sample desired to be 
lar hydrogen and hydrogen ions in solution and it is the tested. When a sample containing a mixture of 2 or 
variations within the equilibrium that determines the more types or species of microorganisms is cultured 
potential of the electrode. Once an equilibrium has 60 within the analytical cell, the microorganism which 
been established at the electrode surface, the electrode reaches its minimum detectable limit first is the one 
is termed as a “nonpolarizable” or reference electrode. which will be detected by the system. With this knowl- 
The normal hydrogen (reference) electrode is platinum edge, it is therefore apparent that the skilled artisan can 
in an acid solution of pH=O with a saturated solution of alter the growth conditions such as temperature and 
molecular hydrogen at a defined temperature. The 65 the type of culture medium to favor the growth of one 
normal hydrogen electrode (NHE) is defined to have a type of microorganism to the detriment of other micro- 
potential of 0.00 volts and forms the relative basis for organisms and thus preferentially detect one microor- 
the potential scale of all other electrode reactions as ganism over another. For example, in order to detect 
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PO 
fecal coliform in a mixture of microorganisms, the 
temperature of the growth medium can be raised to 
preferentially kill the other microorganisms so that 
only the coliform remains. 

The volume of the liquid medium within the electro- 
analytical cell is not critical. Of course, the liquid me- 
dium must be in ionic contact with both electrodes. 
The volume of the liquid growth medium can be any 
reasonable size which the skilled artisan can readily 
determine. Of course, as the volume of the liquid is 
increased, the greater the dilution of the microorgan- 
ism, and the lower the resulting response obtained. It 
will be appreciated that the sealed electroanalytical cell 
can contain a growth medium therein prior to introduc- 
tion of the microorganism or the growth medium and 
sample of microorganism can be introduced into the 
cell at the same time. The quantity of microorganisms 
introduced into the cell is not critical and need not be 
within any set limits. 

A further understanding of the method of the present 
invention can be achieved by reference to FIG. 1 which 
shows two simultaneous potential versus time record- 
ings of a Pseudomonas aeroginosa, initial inocula IO4  
cells/ml sample cultured in a trypticase soy broth me- 
dium at 37" C over a period of several hours, in two 
separate electroanalytical cells. Each curve shows the 
potential response of the organism as a function of 
time. For the first hour or two the chart shows no signif- 
icant response. Thereafter, the organism begins to 
reach minimum detectable limits as evidenced by the 
gradual increase in the potential reading in both cells. 
The curve then begins to recede graduaIIy after reach- 
ing its peak value due to the eventual death of some of 
the cell population. 

The following drawings represent various embodi- 
ments of the electroanalytical cell of the present inven- 
tion: 

FIG. 2 shows an embodiment of an electroanalytical 
cell in which chamber 1 is sealed with a resilient cap 2 
which is self sealing. Measuring electrode 3 is attached 
and secured to the chamber through an opening (not 
shown) in the chamber wall. Portion 4 of electrode 3 
extends through the chamber wall so that its surface is 
exposed to culture medium 5 in the chamber through 
an opening (not shown) in the base thereof. The por- 
tion 7 of the reference electrode within the chamber is 
shielded from any microorganism which is present 
within the culture medium by shielding means 8. 
Shielding means 8, measuring electrode 3 and refer- 
ence electrode 6 can be formed from the materials 
described above. In the use of the above described 
device, an appropriate quantity of a microorganism 
containing fluid sample is injected into the chamber 
through the cap. The exterior terminals of the measur- 
ing and reference electrodes are then attached by leads 
to the appropriate terminals of a high impedance po- 
tentiometer and the medium is monitored as the micro- 
organism grows. 

Another embodiment of the electroanalytical cell of 
the present invention is shown in FIG. 3. In this device, 
the cell is essentially a syringe of chamber 11 and 
plunger 12. The base of the chamber is provided with a 
suitable hollow needle 13, one end 14 of which pro- 
trudes through the chamber and microorganism shield- 
ing means 15 into the bulk of the culture medium 16 
within the chamber. The device is equipped with mea- 
suring electrode 17 which is attached to the chamber 
through an opening (not shown). Portion 18 of the 
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electrode is in contact with the culture medium. Refer- 
ence electrode 19 is attached and secured to the base 
of the chamber through an opening (not shown). That 
portion of the electrode within the chamber 20 termi- 
nates within shielding means 15. 

The device of FIG. 3 is adapted so that the same 
device can be used to directly withdraw fluids from a 
living body into a culture medium and be immediately 
attached to a potentiometer so that the growth of any 
microorganism present in the body fluid can be moni- 
tored. 

Yet another embodiment of the cell of the present 
invention is shown in FIG. 4. The device in this case is 
adapted so that a fluid containing a microorganism to 
be analyzed can be withdrawn into chamber 30 through 
entry line 31 via a vacuum applied to vacuum line 32. 
Both lines are shown as protruding through resilient 
sealing cap 33, however, it can be appreciated that 
both lines could be attached to the device through the 
walls of chamber 30 if desired. AS the fluid sample is 
drawn into the device by the force of the vacuum, it 
falls upon and is mixed within culture medium 34. 
Measuring electrode 35 is attached to the device 
through an opening (not shown) so that the measuring 
end of the electrode 36 protrudes into the culture me- 
dium. Reference electrode 37 is attached to the device 
in a similar manner at the base of the chamber so that 
the end 38 within the chamber projects into a shielding 
means 39 which shields the end of the electrode from 
microorganisms in the culture medium. The device can 
be used in the same manner as the device of FIG. 2 
except that it is adapted to draw a fluid sample into the 
device under a force of vacuum rather than by injection 
through the sealing cap. 

In still another embodiment of the device of the pre- 
sent invention, as shown in FIG. 5 of the functioning 
parts are present within a needle. Thus, the device is 
fabricated of a needle 40 inside of which is disposed 
electrically insulating means 41. Lead 42 is attached to 
the exterior surface of the needle so that it functions as 
the measuring electrode. Wire 43 is disposed within the 
hollow inner core 44 of the insulating means and at- 
tached at the base of the insulating core 45 by a shield- 
ing means 46. The needle apparatus is then attached to 
an evacuated, sealed chamber (not shown) which can 
contain a growth medium. When used, the needle is 
injected into a subject and fluids containing the micro- 
organism desired to be measured are withdrawn. The 
leads attached to the needle can then be attached to a 
high impedance potentiometer to measure the microor- 
ganisms in the fluid. 

In an other embodiment of the device of the present 
invention (not shown), the device of FIG. 2 can be 
sealed or packed under a vacuum to provide a vacuum 
within the device. The base of the chamber of the de- 
vice is provided with a sealed hollow needle whose 
attached end projects through the base and shielding 
means into the culture medium. The device can be used 
to withdraw a fluid containing a microorganism into the 
chamber by simply injecting the free end of the needle 
into the body of an animal for instance, whereby the 
force of the injection and/or the fluid pressure breaks 
the seal within the needle and the fluid is withdrawn 
into the device by the force of the vacuum. 

The present invention enjoys a wide variety of fields 
of application, because the present invention is applica- 
ble wherever it is desired to detect the presence and 
quantity of microorganisms in a sample. Thus, the pre- 
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sent invention can be used to detect the presence of high impedance of the electrode test system with the 
bacteria in a biological or non-biological fluid medium. strip-chart recorder. Hydrogen evolution was measured 
The method of the invention can be used as an antibi- by an increase in voltage in the negative (cathodic) 
otic screening technique to determine the effectiveness direction and was recorded on the strip-chart recorder. 
of an antibiotic. For example, a microorganism can be 5 The electrodes employed in the apparatus were a 
cultured in a cell and an antibiotic added thereto. The standard calomel (SCE-Beckman Instruments Inc., 
medium would then be observed to detect the influence Fullerton, Calif.) as the reference electrode cemented 
of the antibiotic on the potential readings obtained. to a plastic cap and a platinum electrode as the measur- 
Biological applications include the detection of micro- ing electrode. The platinum electrode was formed by 
organisms in such body fluids as urine, blood, cerebro- I O  shaping a strip of platinum to fit the circumference of 
spinal fluids, sputum, amniotic fluid, synovial fluid, the test tube; a section of the platinum was positioned 
plasma and artificial kidney dialysate. The present outside of a test tube for attachment to the amplifier 
technique is also amenable to throat tissue cultures, lead. During operation, the platinum electrode and test 
vaginal and cervical tissue cultures and tissue biopsies. tube were steam-sterilized by conventional autoclave 
The present technique finds further application for the 15 procedures. The reference electrode (SCE) attached to 
detection of microorganisms in alcohol producing the plastic cap, was sterilized by exposure for 30 min to 
media such as from wood, grain, molasses, sulfite and two ultraviolet lamps (15T8, General Electric Heights, 
waste liquors; from the production of wine and beers Ohio) housed in a clear plastic box. A number of tests 
and from the production of glycerol. Still another area demonstrated this technique to be effective in steriliz- 
of application is in the fermentation of organic acids 20 ing the reference electrodes. 
such as lactic acid, citric acid, fumaric acid and acetic The strip chart recording of the millivolt response 
acid. Yet another general area of applicability is the curve for 1.9 X loo cells of E.coli per milliliter is shown 
food processing industry, particularly in the packaging in FIG. 6. Characteristically, for hydrogen producing 
of meats and the production of beverages and canned organisms, the recording shows a lag period during 
goods. Still further areas of applicability include rural, 25 which the microorganism is growing but is present in 
city and regional water supplies, water holding tanks insufficient populations to give a response. Once the 
and septic tanks. microorganism population has reached a sufficient 

Having generally described the invention, a further level, a response is noted which is attributable to the 
understanding can be obtained by reference to certain microorganism. As the amount of hydrogen evolved 
specific examples which are provided herein for pur- 30 becomes sufficient, the electrode response characteris- 
poses of illustration only and are not intended to be tics rapidly change as noted by the sudden increase in 
limiting unless otherwise specified. potential. The period of decline after the maximum 

potential was reached (400 to 500 millivolts) occurred 
over a 3 to 4 hour period. EXAMPLE 1 

The relationship between inoculum size and length of 
below, the following hydrogen producing bacteria were the lag period for various inocula of E. coli is shown in 
obtained from the American Type Culture Collection FIG. 7. Lag times ranged from 1 hour for lo6 cells/ml to 
(Rockville, Maryland): E. coli ( 12r)14), E. aerogenes 7 hours for IOo cells/ml. The study over a range of 
( I  3046), S. marcescens (13880), C. intermedium inoculum levels from loo to lo6 cells/ml indicated (1) 
(6750), C. freundii (8090), and P.  mirubilis (12453). 40 that each 10-fold increment of cells reduced the lag 
Cultures were maintained at 5" C on trypticase soy agar time by 60 to 70 minutes and (2) that the mean cell 

For the specific experimental procedure described 35 

- -  
slants (TSA, B B t )  and transferred monthly. 

Inoculum preparation, viable counts, and media 
Inocula for the hydrogen measurements were pre- 

pared by making IO-fold dilutions of a 24-h Trypticase 
soy broth culture (BBL) in sterile 0.05% peptone broth 
and adding 3 ml of appropriate dilutions to 27 ml of 
phenol red broth base with 1.0% glucose (Difco) pre- 
warmed to 35" C. In a limited number of tests, members 
of the coliform group were tested in lauryl tryptose 
broth (Difco). Viable counts were made by spreading 
appropriate dilutions from the IO-fold series on TSA 
and counting colonies after 35 h of incubation at 35" C. 
Viable counts were also made on each organism at the 
time of hydrogen evolution and at the end of 24 h of 
incubation. 

Hydrogen measurements 
The experimental apparatus for measuring hydrogen 

evolution by the test organisms consisted of a test tube 
(25 by 90 mm) containing two electrodes plus broth 
and organisms and positioned in a 35' C water bath. 
Leads from the electrodes were connected to a dc 
buffer amplifier (type 122, Neff, Inc., Duarte, Calif.) 
which in turn was connected to a strip chart recorder 
(model 194, Honeywell Industrial Div., Fort Washing- 
ton, Pa.). The dc buffer amplifier served to match the 

concentration at time of rapid buildup in hydrogen was 
1 X lo6 cells/ml. Because initial studies showed no 
differences in the response curves for washed or un- 

45 washed cells, these studies were conducted with un- 
washed cells. In addition, no differences in response 
curves or lag times were noted from coliforms, E. coli, 
E. aerogenes, and C. intermedium, when tested in lauryl 
tryptose broth or phenol red broth supplemented with 

50 glucose. Gas chromatographic analysis of headspace 
gas showed that for the cultures used in this study, the 
level of H2 for 24 h cultures was between 4 and 10% by 
volume. The only exception was S.  marcescens in which 
H2 was estimated as a trace ( 5 1%). Limited studies 

55 indicated that pH did not change markedly before of 
during the time Hz was detected. 

EXAMPLE 2 
FIG. 8 shows a comparison of the potential charac- 

60 teristics of a hydrogen producing bacterium (E.cofi) 
and a non hydrogen producing bacterium (Alkalscens). 
Each bacterium was cultivated in a broth medium of 
lauryl tryptose glucose by inoculating each medium 
with 1 ml of sample containg 100 cells/mI. The re- 

65 sponse characteristics were measured by a platinum- 
calomel electrode couple. The recordings show the 
much greater response characteristics in the system 
containing the hydrogen producing bacteria compared 
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to the response characteristics of the non-hydrogen 
producing bacteria. Note that the same lag time is ob- 
served when the initial inoculum and growth rates are 
the same. 

EXAMPLE 3 
The data in FIG. 9 provide a correlation which ‘show 

that the change in potential of a culture medium of 
alkalescens as a function of cell concentration and the 
change in radioactivity as a function of cell concentra- I O  
tion. A 1 ml sample of radioactive alkalescens (initial 
innoculum size 100 cells/ml) was cultured in a I O  ml 

nutrient broth with 0.5% NaCl at 30” C. A potential 
reading was observed at a population level of 2.3 X I O3 
cells/ml. 

EXAMPLE 10 

The same procedure of Examples 5-9 was followed 
except thqat the organism was Candida tropicanas and 
the growth medium was 10% nutrient broth with 30% 
dextrose at 300 c. Detection was at 3.1 x 1 0 5  cells/ml. 

EXAMPLE 1 1  

5 

The‘ cell of FIG. 2 was used to culture the fungus 
TVPticase broth medium at 37” C. Each time a 
potential reading was made, a sample of the electroae 

Aspergillus niger in Trypticase soy broth at 25” C. A 
potential reading was observed at a population level of 

was taken and measured for radioactivity. The plots 15 104 cells/ml. 
clearly indicate corresponding increases in potential 
and radioactivity as a function of cell concentration. EXAMPLE 12 
The data clearly indicate that the cells increasingly 
‘Oncentrate about the surface Of the electrode and that 
the potential response is caused by this build-up of cells 20 and 
about the electrode. 

A culture of Pseudomonas aeroginosa was washed in 
nonnutrient buffer (Phosphate buffer solution or PBS) 

at 5o for 48 hours. Cells maintained 
in this condition are not dividing or metabolizing but 

EXAMPLE 4 . are technically alive. Therefore-they still have a net 
A 1 sample ofa~ka~escens was cultured in 10 ml of 

Tryticase soy broth medium for 7 hours. The 
the bacterium was monitored at the time by two 
different electrode systems, i.e., a platinum wire-calo- 

negative charge. These cells were then added to a cell 
of 25 described in FIG. 2 with stainless steel electrodes but 

the nutrient broth was replaced with PBS. At a popula- 
tion of 2 X IO5 viable cells/ml a signal was observed. 

me1 system and a nickel-nickel system in which one 
nickel electrode was shielded from organisms by a glass 
frit. As can be ascertained by reference to FIG. 10, 30 
both curves obtained are essentially the same except 
that the nickel-nickel electrode system does not appear 
to be quite as sensitive as the platinum-calomel system. 

EXAMPLE 5 
A 1 ml sample of Pseudomonas aerogenosa was cul- 

tured in trypticase soy broth in a cell described in FIG. 
2 in which both the measurement and reference elec- 
trodes were type 3 or 4 stainless steel. The shielding 
material in this example was peptone agar with I O  40 
mg/ml NaCI. When the cell population of 9 X IO4 
cells/ml was reached, the potential change was de- 
tected as shown in FIG. l. 

EXAMPLE 6 
The same procedure described in Example 5 was 

followed with the exception that the organism cultured 
was E. coli in a medium of Trypticase soy broth. A 
potential reading was observed at a population level of 

35 

45 

1.2 x 1 O5 cells/ml. 50 

. EXAMPLE 7 
The same procedure of Examples 5 and 6 was fol- 

lowed with the exception that the growth medium was 
sodium glycolate medium and the organism was Slzi- 55 
gella alkalescens. A potential reading was observed at a 
population level of 8.6 X IO4  cells/ml. 

EXAMPLE 8 

except that the growth medium was sodium glycolate + 
0.5 ml of human blood and the organism was Hemo- 
philus influenzae. A potential reading was observed at a 
population level of 2.4 X 1 O5 cells/ml. 

EXAMPLE 9 
The same procedure of Examples 5-8 was followed 

except that the organism was Bacillus subtilus in 1% 

The same procedure of Examples 5-7 was followed 60 

65 

EXAMPLE 13 
Two samples of bovine milk were added to cells of 

the type described in FIG. 2. One sample was Pasteur- 
ized and one was “raw” milk. The milk served both as 
a growth medium and inoculum in both cases. The 
electrodes were stainless steel and the membrane was 
saline agar. The experiment was conducted at a tem- 
perature of 37” C. Each sample produced a signal at 
around 1 O5 cells/ml but the “raw” milk developed the 
signal in 2% hours whereby the Pasteurized milk 
reached lo5 cells and gave a signal at 4% hours. 

Having now fully described this invention, it will be 
apparent to one or ordinary skill in the art that many 
changes and modifications can be made thereto with- 
out departing from the spirit or scope of the invention 
as set forth herein. 

What is claimed as new and intended to be covered 
by Letters Patent is: 

1. A method for detecting the presence of a microor- 
ganism in a fluid sample, which comprises: 

culturing a microorganism in a liquid growth medium 
which is in contact with a measuring electrode and 
a reference electrode; and 

detecting the changing potential between said elec- 
trodes, which arises by the migration and accumu- 
lation of said microorganism adjacent the surface 
of said measuring electrode thus forming a charge- 
charge interaction between said measuring elec- 
trode and accumulated microorganisms, by mea- 
suring said potential change with a high impedance 
potentiometer having an input impedance of 1O’to 
1 O 1 O  ohms. 

2. The method of claim 1, wherein the portion of said 
reference electrode exposed to said growth medium is 
shielded from said microorganism by a growth medium 
permeable but organism impermeable shielding means. 

3. The method of claim 2, wherein said shielding 
means is a gel. 

4. The method of claim 3, wherein said gel is agar gel. 
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5. The method of claim 2, wherein said measuring 11. The method of claim 10, wherein said bacterium 
electrode and said reference electrode are made of the is a non-hydrogen producing organism Selected from 

the group consisting of Staphylacoccus aureus, Staphy- same metal. 
lococcus epidermidis, Sterptocmcus, Listeria monocyto- 6. The method of claim 5, wherein said electrodes are 

5 genes, Pseudomonas aeruginosa, Moraxella, Shigella fabricated of nickel, gold, platinum, silver or stainless alkalescens, Diplwoccus pneumoniae, Bacillus subtilus 
steel. and Hemophilus influenzae. 

7. The method of claim 2, wherein said electrodes are 12. The method of claim 10, wherein said bacterium 
fabricated from dissimilar metals. is a hydrogen producing organism selected from the 

8. The method of claim 1, wherein said measuring 10 group consisting of Escherichia coli, Enterobacter aero- 
electrode is a metal electrode and said reference elec- genes, Serratia marcescens, Proteus mirabilis, Citrobac- 
t r d e  is one of the standard calomel electrodes or the ter intermedium, Citrobacter freundii, SahOnella and 
mercury-mercurous sulfate electrode. Klebsiella. 

growth me- 13. The method of claim IO, wherein said yeast is a 
1 5  species of Candida, Hansenula, Pichia, Torulopsis or dium is selected from the group consisting of brain- 

heart infusion, trypticase SOY broth, phenol red broth 14. me method of claim l7'wherein =id microorgan- 
base + 1 I gluco%, trypticase my broth + COm milk 
beer and sodium glycolate. 15. The method of claim 1, wherein said microorgan- 

10. The method of claim 1, wherein said microorgan- 20 ism is a mixture of at least two types of microorganisms. 
ism is a bacterium, fungi or yeast. 

9. The method of claim 1, wherein 

Saccharomyces. 

ism is cultured at a temperature of 15" to 60" c. 

* * * * *  
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